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Description 

Field of the Invention 

[0001] The present invention relates to a test device 
and method for the optical determination of analytes in 
aqueous fluids, particularly whole blood. In one pre- 
ferred embodiment it concerns a test device and method 
for optically measuring the concentration of glucose in 
whole blood. 

Background of the Invention 

[0002] The quantification of chemical and biochemi- 
cal components in colored aqueous fluids, in particular 
colored biological fluids such as whole blood and urine 
and biological fluid derivatives such as blood serum and 
blood plasma, is of ever-increasing importance. Impor- 
tant applications exist in medical diagnosis and treat- 
ment and in the quantification of exposure to therapeutic 
drugs, intoxicants, hazardous chemicals and the like. In 
some instances, the amounts of materials being deter- 
mined are either so minuscule-in the range of a micro- 
gram or less per deciliter--or so difficult to precisely de- 
termine that the apparatus employed is complicated and 
useful only to skilled laboratory personnel. In this case 
the results are generally not available for some hours or 
days after sampling. In other instances, there is often 
an emphasis on the ability of lay operators to perform 
the test routinely, quickly and reproducibly outside a lab- 
oratory setting with rapid or immediate information dis- 
play. 

[0003] one common medical test is the measurement 
of blood glucose levels by diabetics. Current teaching 
counsels diabetic patients to measure their blood glu- 
cose level from two to seven times a day depending on 
the nature and severity of their individual cases. Based 
on the observed pattern in the measured glucose levels, 
the patient and physician together make adjustments in 
diet, exercise and insulin intake to better manage the 
disease. Clearly, this information should be available to 
the patient immediately. 

[0004] Currently a method widely used in the United 
States employs a test article of the type described in U. 
S. Patent 3,298,789 issued January 17, 1967 to Mast. 
In this method a sample of fresh, whole blood (typically 
20-40 u.l) is placed on an ethylcellulose-coated reagent 
pad containing an enzyme system having glucose oxi- 
dase and peroxidase activity. The enzyme system re- 
acts with glucose and releases hydrogen peroxide. The 
pad also contains an indicator which reacts with the hy- 
drogen peroxide in the presence of peroxidase to give 
a color proportional in intensity to the sample's glucose 
level. 

[0005] Another popular blood glucose test method 
employs similar chemistry but uses, in place of the ethyl- 
cellulose-coated pad, a water-resistant film through 
which the enzymes and indicator are dispersed. This 



type of system is disclosed in United States Patent 
3,630,957 issued December 28, 1971 to Rey et al. 
[0006] In both cases the sample is allowed to remain 
in contact with the reagent pad for a specified time (typ- 

5 ically one minute). Then, in the first case, the blood sam- 
ple is washed off with a stream of water while in the sec- 
ond case, it is wiped off the film. The reagent pad or film 
is then blotted dry and evaluated. The evaluation of the 
analyte concentration is made either by comparing color 

10 generated with a color chart or by placing the pad or film 
in a diffuse reflectance instrument to read a color inten- 
sity value. 

[0007] While the above methods have been used in 
glucose monitoring for years, they do have certain limi- 
ts tations. The sample size required is rather large for a 
finger stick test and is difficult to achieve for some peo- 
ple whose capillary blood does not express readily. 
[0008] In addition, these methods share a limitation 
with other simple lay-operator colorimetric determina- 
te tions in that their result is based on an absolute color 
reading which is in turn related to the absolute extent of 
reaction between the sample and the test reagents. The 
fact that the sample must be washed, blotted or wiped 
off the reagent pad after the timed reaction interval re- 
25 quires that the user be ready at the end of the timed 
interval and wipe or apply a wash stream at the required 
time. The fact that the reaction is stopped by removing 
the sample leads to some uncertainty in the result, es- 
pecially in the hands of the home user. Overwashing, 
30 overblotting or overwiping can give low results and un- 
derwashing can give high results. 
[0009] Another problem that often exists in simple lay- 
operator determinations is the necessity for initiating a 
timing sequence when blood is applied to a reagent pad. 
35 a user will typically have pricked his or her finger to ob- 
tain a blood sample and will then be required to simul- 
taneously apply the blood from the finger to a reagent 
pad while starting a timer with his or her other hand, 
thereby requiring the use of both hands simultaneously. 
40 This is particularly difficult since it is often necessary to 
ensure that the timer is started only when blood is ap- 
plied to the reagent pad. All of the prior art methods re- 
quire additional manipulations or additional circuitry to 
achieve this result. Accordingly, simplification of this as- 
45 pect of reflectance reading instruments is desirable. 
[0010] Great improvements have been achieved up- 
on the introduction of the systems described in U.S. Pat- 
ents 5,179,005, 5,059,394, 5,049,487, and 4,935,346 
wherein an apparatus is provided for accepting a test 
50 strip having a test pad, one surface of which comprises 
a reaction zone adapted to be optically readable by said 
apparatus. The test strip is inserted into the apparatus, 
the apparatus is started and then whole blood is applied 
onto the test pad. At least a portion of such blood is al- 
55 lowed to permeate to the reaction zone whereby any an- 
alyte present therein will react with color-producing re- 
agents in the test pad to alter the light reflectivity char- 
acteristics of the reaction zone. The reflectivity of the 
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reaction zone is then a measure of the presence and/or 
quantity of analyte present in the blood sample. As de- 
scribed in the aforementioned patents, this system does 
not require a large sample of blood nor does it require 
the user to undertake timed manipulations with respect 
to the beginning or end of the reaction. Instead, because 
the strip is first inserted into the apparatus prior to the 
application of the sample, a standard reflectance read- 
ing of the reaction zone in the dry state may be obtained. 
The beginning of the reaction can be detected by the 
first "breakthrough" of the liquid sample onto the reac- 
tion zone by monitoring the reflectance and comparing 
the reading to the standard reflectance of the dry reac- 
tion zone. A reflectance reading taken at a predeter- 
mined time after the reaction has begun and compared 
to the standard reflectance, i.e., the dry reaction zone 
reading, will be indicative of the quantity of analyte 
present in the sample. 

[0011] While the above described system does in- 
deed solve the problems of the prior art and relieves the 
user of the burden of measurement and timing, it does 
require that the user apply a sample of blood onto the 
strip while the strip is in the apparatus. For the most part 
this represents no problem to the vast majority of users. 
However, certain users suffer from handicaps such as 
poor vision or impaired motor coordination so that the 
accurate application of blood from such users' pricked 
fingers to the strip, in place on the apparatus, represents 
a hardship. Further, for institutional users, for example, 
there is the possibility that some quantity of blood re- 
mains on the device from a prior user, since the systems 
necessitate applying one's pricked finger to the device. 
In such instances there is the need to disinfect the de- 
vice between users. 

[001 2] Accordingly, for the above reasons, in the case 
of at least some users, it would be preferable to first ap- 
ply the blood sample to the strip prior to inserting the 
strip into the apparatus. Unfortunately, by doing so the 
apparatus no longer has the capability of reading reflect- 
ance of the dry, unreacted, reaction zone, i.e., at no time 
is the dry reaction zone presented to the apparatus. This 
reading was necessary in the prior devices to provide a 
calibration standard for determining the reflectance 
change as a result of the reaction and hence the pres- 
ence and/or quantity of the analyte in the sample. 
[0013] In a commonly assigned, copending U.S. pat- 
ent application filed today entitled "Optically Readable 
Strip For Analyte Detection Having On-strip Standard", 
bearing our internal docket number LFS-32 and incor- 
porated herein by reference, there is described a strip, 
apparatus, and methodology for allowing the user to ap- 
ply a sample to the strip before inserting it into the read- 
ing apparatus while also providing a calibrated stand- 
ard. This above-referenced patent application teaches 
a strip which comprises a portion for having the liquid 
applied thereto, this portion having an optically visible 
surface (i.e., at least with respect to the optics of the 
apparatus to be employed with the strip) defining a re- 



action zone. The reaction zone is such that its reflect- 
ance varies as a function of the quantity of analyte 
present in the applied liquid. Preferably, such is accom- 
plished by the analyte, if present, reacting with reactants 
5 to produce a color change of the reaction zone. The test 
strip further comprises an optically visible standard zone 
of high reflectance, relative to the reflectance of the re- 
action zone. The standard zone is positioned on the strip 
so as to lead the reaction zone as the strip is inserted 
10 into the apparatus. 

[0014] Accordingly, the apparatus may be provided 
with optical means for sequentially determining the re- 
flectance value of the standard zone as the strip is being 
inserted into its fully inserted position in the apparatus 
15 and the reflectance value of the reaction zone after the 
strip has been inserted. Additionally, the apparatus is 
provided with means for calculating the presence and/ 
or quantity of the analyte in question as a function of the 
standard zone reflectance and the reaction zone ref lect- 
io ance. 

[0015] Owing to the configuration of the strip as de- 
scribed and specifically, the provision of a standard zone 
leading the reaction zone, the aforementioned appara- 
tus need be provided with only one set of optics, e.g., 
25 one light emitting diode and one light detector for read- 
ing the reflection at a single position along the path of 
the strip. 

[0016] In operation, the user turns on the apparatus, 
applies the sample to a fresh strip and then inserts the 

30 strip fully into the apparatus and reads the results. With- 
out intervention of the user, the strip, configured as de- 
scribed, allows the apparatus to read the reflectance of 
light incident upon the standard zone as it passes the 
optics of the apparatus as the strip is inserted. This read- 

35 ing is then calibrated to account for variations owing to 
changes in the apparatus from the factory condition and 
to lot-to-lot variations in the strip. The fully inserted strip 
thereafter presents the reaction zone to the optics of the 
apparatus and the reflectance of this surface may be 

40 read. Means are provided for the apparatus to calculate 
and report the analyte presence or concentration as a 
function of these readings. 

[0017] The above-described system has gone a long 
way toward easing the user's task in determining analyte 

45 concentration. It will be appreciated, however, that it is 
fundamental to the successful optical reading of a strip 
on which liquid has been applied, that the strip be prop- 
erly oriented when inserted into the apparatus. 
[0018] Specifically, in a surprising number of cases, 

50 the strip is improperly introduced upside down with a re- 
sultant erroneous reading. At best, such an error, if not 
caught immediately, requires discarding the strip, which 
can be contaminated or otherwise altered in the errone- 
ous attempt to use it upside down and repeating the 

55 process with a fresh strip. Obviously, in the case of a 
blood sample requiring another finger pricking, this is 
highly undesirable. In the worst case, the erroneous re- 
sults may be accepted by the user with potentially ad- 
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verse consequences. 

[001 9] A prior art device, sold by the Boehringer-Man- 
nheim Company under the trademark Accutrend® and 
described in a brochure entitled "Evaluation Report Ac- 
cutrend®* published by Boehringer-Mannheim Compa- 
ny in 1 991 , is provided with a black band on the trailing 
end of the strip. The apparatus for use with such a strip 
appears to be provided with two sets of optics; one to 
read a first zone and the second to read the black band. 
It appears that the apparatus is provided with micro- 
processing means for recording the absence of detec- 
tion of such black band by the second set of optics. Such 
absence would be indicative of the strip having been in- 
serted upside down. Unfortunately, the syster adds 
great complexity and costs to design and manufacture 
of the apparatus in that two sets of optics are required. 
Moreover, any detection of an improperly inserted strip 
occurs only after the entire operation; i.e., insertion of 
the strip, has been completed; that is to say, at the last 
possible moment. 

[0020] Accordingly, there is a need to provide a sys- 
tem wherein the upside down insertion of a strip is im- 
mediately detected and to accomplish this without the 
need for expensive modification of the strip reading ap- 
paratus. 

Summary of the Invention 

[0021] In accordance with the teachings of this inven- 
tion, a strip, method and apparatus are provided for de- 
termining the presence or quantity of analyte or liquid 
by inserting the strip into an optical reading apparatus 
wherein means are provided for rapidly and simply af- 
firming that the strip has not been inserted upside down 
with respect to the optics of the apparatus. 
[0022] Specifically, the strip comprises a portion for 
having a liquid (e.g. blood) applied thereto. This portion 
has an optically visible area on a major surface of the 
strip defining a reaction zone which varies in reflectance 
as a function of the quantity of analyte present in the 
applied liquid. The test strip is further provided with an 
optically visible area on the same major surface which 
defines an orientation index zone and is positioned with- 
in that portion of such major surface leading the reaction 
zone as the strip is inserted into the apparatus. The ori- 
entation index zone is selected to have a contrasting re- 
flectance relative to the areas of the major surface con- 
tiguous with this orientation index zone. Accordingly, the 
apparatus, utilizing the same optics provided to read the 
reflectance of the reaction zone once the strip is fully 
inserted, may also employ such optics to sequentially 
determine the reflectance value of the portion of the ma- 
jor leading surface of the strip as the strip is being in- 
serted into the apparatus. Such optics will experience a 
sharp change in reflectance as the interface between 
the orientation index zone and the areas of the major 
surface contiguous therewith pass over the optics; such 
change being indicative of a properly inserted strip. Mi- 



croprocessing means may be provided in the apparatus 
for processing the reflectance experienced by the optic 
system and for either detecting the presence of the ori- 
entation index or for reporting its absence. 
5 [0023] In view of the above teachings, it can be seen 
that merely by positioning an orientation index zone on 
the leading portion of the surface to be read, the detec- 
tion of an upside down strip can be made at the earliest 
possible moment as the strip is being inserted with no 
io need for additional optical equipment. 

Brief Description of the Drawings 

[0024] The present invention can be more readily un- 
is derstood by reference to the following detailed descrip- 
tion when read in conjunction with the attached draw- 
ings wherein: 

Figure 1 is an exploded, perspective view of a strip 
20 and apparatus embodying the teachings of this in- 
vention; 

Figure 2 is a partial, longitudinal, cross-sectional 
view taken along line 2-2 of Figure 1 and illustrating 
25 the strip fully inserted into the apparatus; 

Figure 3 is a partial, transverse, cross-sectional 
view, taken along line 3-3 of Figure 1 and illustrating 
the strip fully inserted into the apparatus; 

30 

Figure 4 is a perspective view illustrating the leading 
portion of the major surface of a first embodiment 
of the strip of this invention; 

35 Figure 5 is a perspective view illustrating a major 
surface of a second embodiment of the strip of this 
invention; 

Figure 6 is a graphical depiction of the detection of 
40 reflected light as the strip of Figure 4 is inserted into 
an optical reading apparatus; and 

Figure 7 is a cross-sectional view of a strip passage- 
way of an embodiment of an apparatus employing 
45 the teachings of this invention. 

Detailed Description of the invention 

[0025] Turning now to the drawings, Figure 1 illus- 
50 trates an exploded, perspective view, a strip 10 for ap- 
plying a sample thereon and for inserting such sample 
laden strip 10 into an optical reading apparatus 12. The 
embodiments of the strip 10 and apparatus 12 will gen- 
erally be described hereinafter in terms of detection and 
55 quantification of glucose but it will be understood by 
those skilled in the art that the teachings herein are not 
limited to glucose determinations, and instead may be 
applied to other analyte determinations. Further, for the 
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purposes of simplification and clarity, the strip 10, the 
apparatus 1 2 and their respective component parts shall 
all be described as being in the orientation shown in the 
drawings and terms such as "the bottom" and "the top" 
shall be employed consistent with such orientation. It will 
be appreciated, however, that this method of description 
is merely convenient and that in no way is the invention 
restricted to such orientation and, in fact, the strip and 
strip holder may be rotated through any angle relative 
to the apparatus and the teachings herein shall still ap- 
ply. 

[0026] As can be seen in Figure 1, the strip 10 is 
adapted to be inserted longitudinally, into an opening 14 
of a strip holder 1 6 carried on apparatus 1 2. Strip holder 
1 6, shown in more detail in Figures 2 and 3, is preferably 
removable from apparatus 12 for cleaning. The appara- 
tus 12 is provided on its visible surface with a screen 18 
on which messages, instructions, error warnings, and 
most importantly, results may be displayed by means 
such as liquid crystal displays as are well known in the 
art. Such information may be conveyed by letters, 
words, numbers or icons. Additionally, apparatus 12 is 
provided with a power switch for activating the appara- 
tus, preferably with batteries and such power switch is 
shown as push button 20 on the drawings. 
[0027] Referring now to Figures 2 and 3, illustrated 
therein in longitudinal and transverse cross-sectional 
views respectively, is the removable strip holder 16 with 
a strip 10 fully inserted therein, together with fragmen- 
tary views of the adjacent parts of the apparatus 1 2. The 
strip holder 16 is comprised of an upper guide 22 and a 
lower guide 24 which together form a channel or strip 
passageway 26 into which the strip is inserted via open- 
ing 14. The extent of insertion of the strip is determined 
by strip impeding wall 31 . It should be noted that the 
passageway 26 is canted at an angle with respect to the 
plane of the bottom 28 of the apparatus 12, so as to fa- 
cilitate the insertion of strip 10 into the apparatus when 
the apparatus is sitting on a flat surface. 
[0028] The lower guide 24 is provided with an aper- 
ture 30 through which the bottom surface 11 of the strip 
1 0 can be "seen" by the optics located below lower guide 
24. As will be understood hereinafter, the aperture 30 is 
positioned along the lower guide 24 so as to "see" the 
bottom surface of a reaction zone of strip 10 when the 
strip 10 is fully inserted into passageway 26. 
[0029] The optics for the apparatus are located in op- 
tic block 32 affixed to apparatus 1 2. optic block 32 con- 
tains a light emittinq diode (LED) 36 capable of directing 
light through aperture 30, upon a surface such as the 
lower surface 11 of the strip. The light emitting diode is 
preferably one which emits light of essentially a uniform 
wavelength in rapid bursts, hereinafter referred to as 
"chops", for a period of time, each time it is activated. 
For the purposes of glucose determination it has been 
found preferable to employ two such LED's, each emit- 
ting light at a different wavelength and preferably at 660 
and 940 nanometers (LED 660 and LED 940, respec- 



8 

tively). The optic block 32 also comprises a photodetec- 
tor 38, a device capable of intercepting light reflected 
from the surface upon which the LED's focus and con- 
verting such light into a measurable voltage. 

5 [0030] Incorporated into the upper guide 22 is bias 
means 40 which is adapted to be biased toward the up- 
per surface 42 of the lower guide in the area of the ap- 
erture 30 so as to ensure that the portion of the strip 10 
lying over the aperture 30 is flat and presents an opti- 

10 cally consistent surface to the optics. As illustrated in 
the drawings, bias means 40 comprises an elastomeric 
membrane having, on its surface opposing the aperture, 
a ring-like projecting gasket 44 which is adapted to bear 
against the strip when in place and hold the strip flat to 

is the aperture. Centered within the ring-like projection is 
a colored target, preferably gray, hereinafter referred to 
as the "gray target" 45. The gray target 45 presents to 
the optics a surface for assuring the correct calibration 
of the apparatus before the strip is inserted. Additionally, 

20 it is the gray target that is "seen" by the optics once the 
apparatus is turned on and before a strip is inserted. 
[0031] The bias means 40 may take forms other than 
that of an elastomeric membrane. For example, a leaf 
spring can be used as such bias means. In a copending, 

25 commonly assigned U.S. patent application filed today 
and bearing our internal docket number LFS-34 (incor- 
porated herein by reference), such alternative bias 
means are described and include a particularly useful 
means in which the passageway 26 is designed in a ser- 

30 pent in e configuration which in combination with a strip 
having spring properties serves to function as a bias 
means. Such a passageway is illustrated in Figures 7 • 
wherein upper guide 22 and lower guide 24 are illustrat- * 
ed. 

35 [0032] Table 1, below, recites preferred dimensions - 
for the angles, distances and radii; all based on the X, 
Y coordinates shown in the Figure. 





TALBE 1 






DIMENSIONS FOR FIGURE 7 


j ANGLES (Degrees) 


A 


26 


B 


17 


C 


9 


DISTANCES (Inches) 


Li 


0.562 


L 2 


0.467 


L 3 


0.184 


L4 


0.013 


CURVATURE 




RADIUS (Inches) 


CENTER (X,Y In) 


F«1 


0.2 


0.207, 0.179 
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TALBE 1 - (continued) 



DIMENSIONS FOR FIGURE 7 


CURVATURE 




RADIUS (Inches) 


CENTER (X,Y In) 


R 2 


0.347 


0.391, 0.300 




0.100 


0.417,0.006 


R 4 


2.635 


0.412, 2.603 



[0033] Referring now to Figure 4 illustrated therein is 
a perspective view of the bottom major surface 43 of a 
strip 46 embodying the teachings of this invention. 
[0034] In the embodiment described herein for detect- 
ing glucose in whole blood, the strip 46 comprises an 
elongate and generally rectangular support 47 onto 
which is attached a test pad 48 containing reactants and 
provided with an overlying transport medium 50. In use 
the sample is to be applied to the top surface of the 
transport medium 50 overlying the test pad 48. A portion 
of the sample penetrates through the test pad and any 
glucose present reacts with the reactants therein to pro- 
duce a color change which is visible on the bottom sur- 
face of the test pad. A support aperture 52 is provided 
through the support for aligning with aperture 30 in the 
lower guide of the apparatus when the strip is fully in- 
serted therein, so that a portion of the bottom of the sur- 
face of the test pad will be visible to the optics of the 
apparatus (such portion hereinafter, the reaction zone). 
[0035] Details of these components of the strip are de- 
scribed in copending U.S. Serial No. 881,970, filed on 
May 12, 1992 and incorporated herein by reference. 
Briefly, the transport medium 50 comprises pores which 
draw the sample therethrough by capillary action. The 
transport medium may be composed of natural materi- 
als such as cotton or paper, as well as such synthetic 
materials as polyesters, polyamides, polyethylene and 
the like. 

[0036] The transport medium has pores having an ef- 
fective diameter in the range of about 20 microns to 
about 350 microns, preferably about 50 to about 1 50 mi- 
crons, e.g., 100 microns. The transport medium is gen- 
erally hydrophilic or may be rendered hydrophilic by 
treatment with surfactants compatible with red blood 
cells. One such compatible surfactant is MAPHOS™ 66 
sold by Mazer Chemical, a division of PPG Industries 
Inc. Chemicals of Gurnee, Illinois. In a preferred embod- 
iment, the transport medium is capable of absorbing 
blood samples of up to about 20 to about 40 microliters 
e.g., 30 microliters. 

[0037] The transport medium may be, for example, a 
filter paper or sintered plastic material, such as those 
porous polyethylene materials commonly available from 
the Porex Corp. of Fairburn, Georgia. The transport me- 
dium is generally fabricated to have a thickness of about 
0.022 inch, with about 0.25 inch width and about 1.0 inch 



length. The transport medium is treated with a red blood 
cell compatible surfactant solution. Since only about 3 
to about 5 microliters of blood are required to saturate 
the testing pad, the transport medium will preferably 

5 possess a small void volume in order not to require large 
volumes of blood. Excess blood applied to the reagent 
strip is absorbed and held in the portion of the transport 
medium which extends beyond the test pad. 
[0038] The test pad and its preparation are also set 

10 forth in detail in U.S. Patent 4,935,346 and need not be 
described in detail herein. Essentially, the test pad is a 
hydrophilic porous matrix to which reagents may be cov- 
alently or non-covalently bound. Examples of a suitable 
material include polyamides, which are conveniently 

is condensation polymers of monomers of from 4 to 8 car- 
bon atoms, where the monomers are lactams or combi- 
nations of diamines and dicarboxylic acids, polysul- 
fones, polyesters, polyethylene, and cellulose based 
membranes. Other polymeric compositions may also be 

20 used. Further, the polymer compositions may be modi- 
fied to introduce other functional groups so as to provide 
for charged structures, so that the surfaces may be neu- 
tral, positive, or negative, as well as neutral, basic, or 
acidic. The material of choice is a hydrophilic, anisotrop- 

25 ic polysulfone membrane having pores varying in size 
from large to small through the thickness of the matrix. 
The preferred matrix is obtained from the Memtec Amer- 
ica corporation of Maryland and has an average pore 
size ranging from 0.34 to 0.4 micrometers e.g., 0.37 and 

30 a thickness of from about 1 25 to about 1 40 micrometers 
e.g., 1 30 micrometers. The ratio of the average diameter 
of the large to the small pores is about 100. 
[0039] Transport medium 50 is attached to the test 
pad 48 by an adhesive (not shown). Suitable adhesives 

35 for this purpose, including acrylic, rubber, and ethylene 
vinyl acetate (EVA) based formulations. Particularly 
useful are the hot melt adhesives known in the art. The 
adhesive may be placed in continuous stripes located 
only near the perimeter of the test pad, leaving a central 

40 portion of the receiving surface of the test pad substan- 
tially unobstructed. 

[0040] Alternatively, when the transport layer is com- 
posed of a material that fuses at industrially practical 
temperatures, the transport layer may be attached di- 

45 rectly to the test pad by an application of heat and pres- 
sure. The transport layer is heated until it begins to melt 
and then pressed against the testing pad and cooled. 
Direct attachment of the transport layer to the testing 
pad by fusion obviates any need for a distinct adhesive 

50 layer. 

[0041] The adhesive layer connects the transport me- 
dium to the sample receiving surface of the test pad. 
The transport medium is adapted to accept a whole 
blood sample and transport a detectable portion of the 
55 sample to the receiving surface by capillary action. The 
transport medium preferably extends past one or more 
ends of the test pad so as to form a reservoir for holding 
excess amounts of blood sample which may be present 
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during actual use. It is usually more desirable to retain 
such excess amounts of the blood sample in the trans- 
port medium, rather than allowing the excess to drip up- 
on the user or upon the viewing means in an uncon- 
trolled fashion. Accordingly, it is preferred that the trans- 
port medium be capable of holding from about 20 to 
about 40 microliters of blood, preferably about 30 micro- 
liters of blood and of passing from about 3 to about 5 
microliters of blood to the test pad. 
[0042] The test pad is impregnated with a color form- 
ing reagent system specific to an analyte. Typical ana- 
lyses are glucose, cholesterol, urea, and many others 
which will readily occur to those skilled in the art. Pref- 
erably, the color forming reagent system includes an en- 
zyme which selectively catalyzes a primary reaction with 
the analyte of interest. A product of the primary reaction 
may be a dye which undergoes a change in color that 
is detectable at the reaction zone. Alternatively, the 
product of the primary reaction may be an intermediate 
which undergoes another reaction, preferably also en- 
zyme catalyzed, and participates in a secondary reac- 
tion which, directly or indirectly, causes a dye to undergo 
a change in color which is detectable at the reaction 
zone. 

[0043] An exemplary color-forming reagent system is 
the system which is specific to glucose and contains glu- 
cose oxidase, a peroxidase, and an oxidizable dye. Glu- 
cose oxidase is an enzyme, usually obtained from As- 
pergillus Niger or Penicillium, that reacts with glucose 
and oxygen to produce gluconolactone and hydrogen 
peroxide. The hydrogen peroxide so produced, cata- 
lyzed by a peroxidase enzyme such as horseradish per- 
oxidase, oxidizes a dye. The resulting chromophore (the 
oxidized dye) exhibits a color that may be observed at 
the reaction zone. Many suitable oxidizable dyes are 
known in the art including, for example, those set out in 
U.S. Patent 5,304,468, incorporated herein by refer- 
ence. One particularly useful oxidizable dye is the 3-me- 
thyl-2 benzothiazolinone hydrazone hydrochloride/ 
8-amilino 1 -naphthalenesulfonate dye couple (MBTH/ 
ANS couple) described in copending U.S. patent appli- 
cation Serial No. 245,940, filed May 19, 1994 (LFS-30). 
Many other suitable color-forming reagent systems spe- 
cific to particular analytes are known in the art. A dye 
couple of choice is a derivative of MBTH, meta[3-methyl 
2-benzothiazolinone hydrazone] N-sulfonyl benze- 
nesulfonate monosodium coupled with ANS. 
[0044] The support 46 may be of a material that is suf- 
ficiently rigid to be inserted into the apparatus without 
undue bending or kinking. Preferably, such support 
comprises materials such as polyolefins (e.g., polyeth- 
ylene or polypropylene), polystyrene or polyesters. A 
preferred material is the polyester available from the Im- 
perial Chemical Industries, Ltd. of the United Kingdom, 
sold by them under the trademark Melinex 329 and hav- 
ing a thickness of about 0.014 inches. 
[0045] Referring to Figure 4, the bottom surface of the 
strip (i.e., the surface to be inserted in face-to-face re- 
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lationship with the aperture 30 of the lower guide of the 
apparatus and hence the surface "seen" by the optics 
of the apparatus), presents a reaction zone 54 compris- 
ing the portion of the test pad 48 visible through the sup- 

5 port aperture 52. The reaction zone 54 is longitudinally 
placed between the leading edge 56 of the strip (leading 
with respect to insertion into the apparatus) and the op- 
posite edge. In accordance with the teachings of this in- 
vention, the portion of the major surface 43 leading the 

io reaction zone 54 includes an optically visible area; (i.e., 
visible to the optics of the apparatus 12 as the strip is 
inserted therein) defining an orientation index zone 58. 
As illustrated in Figure 4, preferably this orientation in- 
dex zone 58 is located at the extreme leading edge of 

is the leading portion of the major surface 43. The orien- 
tation index zone 58 is characterized as having a low 
reflectance relative to that of the area of the major sur- 
face 43 contiguous to the orientation index zone 58. 
Thus, when interface 60, between the orientation index 

20 zone 58 and the area contiguous thereto, passes over 
the optics of the apparatus as a strip is inserted, the op- 
tics will detect a sharp rise in reflected light. 
[0046] Figure 5 illustrates an alternative embodiment 
62 of the strip. As in the prior described embodiment, 

25 the strip 62 comprises a support 64 having a major sur- 
face 66 with an aperture 68 therethrough for viewing a 
reaction zone 70 of a test pad 72. The test pad is again 
provided with a transfer medium 74. In this embodiment, 
an orientation index zone 76 is placed on the leading 

30 portion of a major surface 66 but in this instance adja- 
cent to the aperture 70. Again, the orientation index 
zone 76 is characterized as having a low reflectance rel- 
ative to that of the areas of the major surface 66 contig- 
uous thereto. Thus, for this embodiment, when interface 

35 78 between the orientation index zone 76 and the area 
contiguous thereto passes over the optics of the appa- 
ratus as the strip is inserted therein, the optics will detect 
a sharp decrease in reflected light. 
[0047] The desired low relative reflectance of the ori- 

40 entation index zone may be achieved on a major surface 
of a strip of this invention by any number of ways as will 
occur to one skilled in the art. For example, the support 
may have laminated to it, in a desired region, a layer 
having the requisite reflectance. Alternatively, the ma- 

45 terial comprising the support may have incorporated 
therein a coloring material imparting the proper reflect- 
ance to the region comprising the orientation index 
zone. As further alternatives, the coloring material may 
be printed or painted onto the appropriate region. 

50 [0048] While the method chosen for accomplishing 
the contrasting reflectance values between the orienta- 
tion index zone and the contiguous area of the major 
surface is not critical, it is important that a minimal 
change in reflectance is exhibited across the interface 

55 between these areas. Accordingly, for the embodiment 
shown in Figure 4, the reflectance of the contiguous por- 
tion of the major surface should be at least 1.5 times 
that of the reflectance of orientation index zone 58. Pref- 
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erably, the reflectance should be at least two times as 
high. Similarly, for the embodiment shown in Figure 5, 
the reflectance of the orientation zone should be no 
more than two thirds of the reflectance of the contiguous 
portion of the major surface. Preferably, the reflectance 
should be only half that of the contiguous portion. 
[0049] In a preferred embodiment, the microproces- 
sor of the apparatus may be programmed to sense the 
difference between the reflectance of an empty pas- 
sageway, i.e., the reflectance of the gray target in the 
embodiment illustrated herein, and that of the orienta- 
tion index zone. In such case, the reflectance of the ori- 
entation zone, should be less than 0.9 times the reflect- 
ance of the gray target. Preferably this value is less than 
0.5 times. 

[0050] It will be understood that these relative reflect- 
ance values are those detected by the specific appara- 
tus using light having a wavelength of 940 nanometers. 
[0051] Further, it will be understood that the length of 
the orientation index zone must be sufficient in the di- 
rection of insertion so as to provide the optics with ade- 
quate time to produce a number of readings and, hence, 
experience the change in reflectance across the inter- 
face. It has been found that a length in the direction of 
insertion of from about 0.05 to about 0.4 inches is ade- 
quate and preferably such length should be from about 
0.15 to about 0.25 inches. 

[0052] In accordance with the teachings of our co- 
pending U.S. patent application LFS-32, referred to 
above and incorporated herein by reference, the area 
of the major surface leading the reaction zone compris- 
es a standard zone exhibiting high reflectance. As is well 
described in the referenced patent application, the re- 
flectance of this standard zone is calibrated and used 
together with reflectance of the reaction zone to calcu- 
late the quantity of analyte present in a sample. In the 
embodiments illustrated in Figures 4 and 5, the portions 
of the major surface leading the reaction zone (other 
than the orientation index zone) are provided to have 
such high relative reflectance and, hence, may serve as 
the standard zone in accordance with the teachings of 
the above-referenced patent application. It will be un- 
derstood, however, that the teachings of this invention 
are not limited to being used together with the standard 
zone described above, but instead may be employed in 
other test strips. 

[0053] As described in conjunction with the drawings, 
the strip is "read" by the apparatus as it is being inserted 
into the apparatus and the various areas of the leading 
major surface pass over the aperture 30 of the appara- 
tus making such areas visible to the optics. In its final 
position, the reaction zone overlies the aperture 30 and 
is read. Reading is accomplished by directing light from 
a light emitting diode onto the visible surface and de- 
tecting the light reflected from such surface. When em- 
ploying the teachings of this invention to detect glucose 
in blood, for example, LEDS emitting light at wave- 
lengths of 660 and 940 nanometers are preferred. 



[0054] As stated, the reflectance of the surface pre- 
sented to the optics is measured in multiple readings as 
the strip is inserted into the apparatus. These multiple 
readings are taken as the strip moves continuously 

5 through various positions in spaced periods of time. 
Each such reading comprises a number of bursts of en- 
ergy imparted to the LED in response to directions from 
a microprocessor. These bursts, referred to as chops, 
control the amount of light energy directed to the surface 

io for each reading, i.e., at a constant power level, the 
greater the number of chops the greater amount of light 
energy incident upon the surface being measured. The 
light energy reflected by the surface during each reading 
is captured by a photodetector and converted into a 

is measurable signal by a dual slope analog to digital con- 
verter. 

[0055] Figure 6 is a plot of the counts or quantity of 
detected light reflected from the surface presented to 
the aperture as a function of time as the apparatus is 

20 turned on and then the strip of Figure 4 is inserted there- 
in. As can be seen, when the apparatus is first turned 
on, the measured reflectance is that of the gray target 
which is chosen to be of moderately low reflectance val- 
ue. Immediately upon the strip being inserted, the re- 

25 flectance measured is that of the orientation index zone; 
e.g., zone 58 in Figure 4. As seen in Figure 6, this results 
in a sharp detected drop in reflectance. The microproc- 
essor of the apparatus may be programmed to accept 
a strip causing such a sharp initial drop as a properly 

30 inserted strip and, hence, continue with the operation of 
the instrument or, failing to detect such a drop, report 
that the strip has been inserted improperly. Alternatively, 
the reading of the reflectance may continue as the ori- 
entation zone passes over the aperture. Upon the ori- 

35 entation index zone passing beyond the aperture, the 
contiguous zone of the leading major surface become 
visible to the optics, and a sharp increase in the reflect- 
ance is exhibited. At this point, the microprocessor may 
be programmed to accept the strip causing such a sharp 

40 increase as a properly inserted strip and to continue with 
the operation of the instrument. Again, failing to detect 
such increase, the microprocessor can report that the 
strip has been inserted improperly. 
[0056] Assuming detection of the proper orientation 

45 of the strip, the reflectance of the white zone and the 
reflectance of the reaction zone are read and the analyte 
concentration is determined as a function of these val- 
ues. 



Claims 

1 . A test strip for determining the presence or quantity 
of an analyte in a liquid by inserting said test strip 
55 into an optical reading apparatus; said test strip 
comprising: 

a portion, for having liquid applied thereto, said 
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portion having an area on a major surface of 
the strip defining a reaction zone, such reaction 
zone varying in reflectance as a function of the 
quantity of analyte in the applied liquid; 
said test strip further comprising an area on 
said major surface defining an orientation index 
zone, said orientation index zone having a con- 
trasting reflectance relative to that of the areas 
of the major surface contiguous to the orienta- 
tion index zone, characterised in that said ori- 
entation index zone being positioned to lead 
said reaction zone as said strip is inserted into 
said apparatus; 

whereby said apparatus may be provided with 
optical means for sequentially determining reflect- 
ance values of the major surface as the strip is in- 
serted into the apparatus and with microprocessing 
means for detecting the presence of the orientation 
index zone or for reporting its absence. 

2. The strip of claim 1 wherein said orientation index 
zone is positioned on said major surface to lead said 
contiguous area as the strip is to be inserted into 
said apparatus. 

3. The strip of claim 2 wherein the reflectance of said 
contiguous area is at least 1 .5 times the reflectance 
of said orientation index zone. 

4. The strip of claim 3 wherein the reflectance of said 
contiguous area is at least two times the reflectance 
of said orientation index zone. 

5. The strip of claim 2 wherein the reflectance of said 
contiguous area is no more than 0.67 times the re- 
flectance of said orientation index zone. 

6. The strip of claim 5 wherein the reflectance of said 
contiguous area is no more than 0.5 times the re- 
flectance of said orientation index zone. 

7. The strip of claim 1 wherein the orientation index 
zone reflects no more than 0.9 times the light re- 
flected when no strip is present in the apparatus. 

8. The strip of claim 7 wherein the orientation index 
zone reflects no more than 0.5 times the light re- 
flected when no strip is present in the apparatus. 

9. The strip of claim 1 wherein the orientation index 
zone reflects at least 1.1 times the light reflected 
when no strip is present in the apparatus. 

10. The strip of claim 9 wherein the orientation index 
zone reflects at least two times the light reflected 
when no strip is present in the apparatus. 



11. An apparatus for determining the presence or quan- 
tity of an analyte in a liquid applied to a test strip of 
claim 1 and inserted into said apparatus, 

5 said apparatus comprising: 

a longitudinally extending strip passageway 
having an open end for receiving said strip and 
an opposed end; 

optics comprising a light source for directing 
io light into said passageway at a position be- 

. tween said open end and said opposed end and 
a light detector for detecting light reflected from 
said passageway; 

conversion means for converting said detected 
»5 reflected light into a signal; 

microprocessing means for receiving said sig- 
nal to detect the presence or absence of the 
orientation index zone in the passageway. 

20 12. The apparatus of Claim 11 wherein said orientation 
index zone has a lower reflectance than said con- 
tiguous areas and said orientation index zone is po- 
sitioned to lead said contiguous areas as the strip 
is inserted into the passageway and the microproc- 
25 essor is programmed to detect the passage of the 
orientation index zone by a signal indicating an in- 
crease in reflectance when the orientation index 
zone passes beyond said passagaway position. 

30 1 3. The apparatus of claim 1 1 wherein said ccontiguous 
areas have a lower reflectance than said orientation 
index zone and said contiguous areas are posi- 
tioned to lead said orientation index zone as the 
strip is inserted into said passageway and the mi- 
ss croprocessor is programmed to detect the presence 
of the orientation index zone by a signal indicating 
an increase in reflectance when the orientation in- 
dex zone enters said position. 

40 14. The apparatus of claim 11 wherein said orientation 
index zone has a higher reflectance than said con- 
tiguous areas and said orientation index zone is po- 
sitioned to lead said contiguous areas as the strip 
is inserted into the passageway and the microproc- 
45 essor is programmed to detect the passage of the 
orientation index zone by a signal indicating a de- 
crease in reflectance when the orientation index 
zone passes beyond said passageway position. 

so is. The apparatus of claim 11 wherein said contiguous 
areas have a higher reflectance than said orienta- 
tion index zone and said contiguous areas are po- 
sitioned to lead said orientation index zone as the 
strip is inserted into said passageway and the mi- 
55 croprocessor is programmed to detect the presence 
of the orientation index zone by a signal indicating 
a decrease in reflectance when the the orientation 
index zone enters said passageway position. 
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Bereich kommt, wenn der Streifen in die Vorrich- 
tung einzusetzen ist. 

3. Streifen nach Anspruch 2, dadurch gekennzeich- 
s net, daB der Reflexionsgrad des angrenzenden Be- 

reichs mindestens das 1,5-fache des Reflexions- 
grades der Ausrichtindex-Zone ist. 

4. Streifen nach Anspruch 3, dadurch gekennzeich- 
10 net, daB der Reflexionsgrad des angrenzenden Be- 

reichs mindestens das Zweifache des Reflexions- 
grades der Ausrichtindex-Zone ist. 

5. Streifen nach Anspruch 2, dadurch gekennzeich- 
15 net, daB der Reflexionsgrad des angrenzenden Be- 

reichs nicht mehr als das 0,67-fache des Reflexi- 
onsgrades der Ausrichtindex-Zone ist. 

6. Streifen nach Anspruch 5, dadurch gekennzeich- 
20 net, daB der Reflexionsgrad des angrenzenden Be- 

reichs nicht mehr als das 0,5-fache des Reflexions- 
grades der Ausrichtindex-Zone ist. 

7. Streifen nach Anspruch 1, dadurch gekennzeich- 
25 net, daB die Ausrichtindex-Zone nicht mehr als das 

0,9-fache des Lichts reflektiert, das reflektiert wird, 
wenn kein Streifen in der Vorrichtung vorhanden ist. 

8. Streifen nach Anspruch 7, dadurch gekennzeich- 
30 net, daB die Ausrichtindex-Zone nicht mehr als das 

0,5-fache des Lichts reflektiert, das reflektiert wird, 
wenn kein Streifen in der Vorrichtung vorhanden ist. 

9. Streifen nach Anspruch 1, dadurch gekennzeich- 
35 net, daB die Ausrichtindex-zone mindestens das 

1,1-fache des Lichts reflektiert, das reflektiert wird, 
wenn kein Streifen in der Vorrichtung vorhanden ist. 



16. A method for determining that a test strip of claim 1 
has been properly oriented in an apparatus for de- 
termining the presence or quantity of an analyte in 
a liquid applied to said strip and inserted into said 
apparatus, said method comprising: 

inserting said strip into said apparatus; 
determining the reflectance of the major sur- 
face of the strip by directing light at a fixed po- 
sition in the pathway of the strip as it is inserted 
and detecting the reflected light; 
detecting the presence or absence of reflected 
light corresponding to the passage of said ori- 
entation index zone past said fixed position as 
the strip is inserted into said passageway. 



Patentanspruche 

1. Teststreifen zum Bestimmen des Vorhandenseins 
oder der Menge eines Analyten in einer Flussigkeit 
durch Einsetzen des Teststreifens in eine optische 
Ablese-Vorrichtung; wobei der Teststreifen folgen- 
des umfaBt: 

einen zum Aufbringen von Flussigkeit be- 
stimmten Abschnitt, wobei der Abschnitt einen 
Bereich an einer Hauptflache des Streifens auf- 
weist, der eine Reaktions-zone bestimmt, wo- 
bei solch eine Reaktions-Zone ihren Reflexi- 
onsgrad als Funktion der in der aufgebrachten 
Flussigkeit enthaltenen Analyt-Menge veran- 
dert; 

wobei der Teststreifen weiter einen Bereich an 
seiner Hauptflache umfaBt, der eine Ausrichtin- 
dex-Zone bestimmt, wobei die Ausrichtindex- 
Zone einen gegenuber dem Reflexionsgrad in 
den an die Ausrichtindex-Zone angrenzenden 
Bereichen der Hauptflache kontrastierenden 
Reflexionsgrad aufweist, 

dadurch gekennzeichnet, daB 

die Ausrichtindex-Zone so positioniert ist, daB 
sie vor der Reaktions-Zone kommt, wenn der 
Streifen in die Vorrichtung eingesetzt wird; 
wodurch die Vorrichtung mit optischen Mitteln, 
urn aufeinanderfolgend die Reflexionsgrad- 
Werte der Hauptflache zu bestimmen, wenn 
der Streifen in die Vorrichtung eingesetzt wird, 
und mit Mikroprozessor-Mitteln, um die Anwe- 
senheit der Ausrichtindex-Zone zu erfassen 
oder ihre Abwesenheit zu melden, versehen 
werden kann. 

2. Streifen nach Anspruch 1, dadurch gekennzeich- 
net, daB die Ausrichtindex-Zone an der Hauptflache 
so positioniert ist, daB sie vor dem angrenzenden 



10. Streifen nach Anspruch 9, dadurch gekennzeich- 
40 net, daB die Ausrichtindex-Zone mindestens das 

Zweifache des Lichts reflektiert, das reflektiert wird, 
wenn kein Streifen in der Vorrichtung vorhanden ist. 

1 1 . Vorrichtung zum Bestimmen der Anwesenheit oder 
45 der Menge eines Analyten in einer Flussigkeit, die 

auf einen Teststreifen nach Anspruch 1 aufgebracht 
und in die Vorrichtung eingesetzt ist, 

wobei die Vorrichtung folgendes umfaBt: 

50 einen sich in Langsrichtung erstreckenden 

Streifen-DurchlaBweg mit einem offenen Ende 
zum Aufnehmen des Streifens und einem ge- 
genuberliegenden Ende; 
eine Optik mit einer Lichtquelle, um Licht in den 
55 Durch laBweg an einer Position zwischen dem 

offenen Ende und dem gegenuberliegenden 
Ende zu richten, und mit einem Licht-Detektor, 
um von dem DurchlaBweg reflektiertes Licht zu 
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erfassen; 

ein Wandlermittel, um das erfaBte, reflektierte 
Licht in ein Signal zu wandeln; ein Mikroprozes- 
sor-Mittel zum Aufnehmen des Signals, um die 
Anwesenheit Oder Abwesenheit der Ausrichtin- 
dex-Zone in dem DurchlaBweg zu erfassen. 

12. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die Ausrichtindex-Zone einen gerin- 
geren Reflexionsgrad als die angrenzenden Berei- 
che besitzt, und daB die Ausrichtindex-Zone so po- 
sitioniert ist, daB sie vor den angrenzenden Berei- 
chen kommt, wenn der Streifen in den DurchlaBweg 
eingesetzt wird, und daB der Mikroprozessor pro- 
grammiert ist, das Durchtreten der Ausrichtindex- 
Zone zu erfassen durch ein Signal, das einen An- 
stieg des Reflexionsgrades angezeigt, wenn die 
Ausrichtindex-Zone an der DurchlaBweg-Position 
vorbeitritt. 

13. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die angrenzenden Bereiche einen 
geringeren Reflexionsgrad als die Ausrichtindex- 
Zone aufweisen, und daB die angrenzenden Berei- 
che so positioniert sind, daB sie beim Einsetzen des 
Streifens in den DurchlaBweg vor der Ausrichtin- 
dex-Zone kommen, und daB der Mikroprozessor 
programmiert ist, die Anwesenheit der Ausrichtin- 
dex-Zone zu erfassen durch ein Signal, das einen 
Anstieg des Reflexionsgrades anzeigt, wenn die 
Ausrichtindex-Zone in diese Position eintritt. 

14. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die Ausrichtindex-Zone einen hohe- 
ren Reflexionsgrad als die angrenzenden Bereiche 
aufweist, und daB die Ausrichtindex-Zone so posi- 
tioniert ist, daB sie vor den angrenzenden Berei- 
chen kommt, wenn der Streifen in den DurchlaBweg 
eingesetzt wird, und daB der Mikroprozessor pro- 
grammiert ist, das Hindu rchtreten der Ausrichtin- 
dex-Zone durch ein Signal zu erfassen, das eine 
Abnahme des Reflexionsgrades anzeigt, wenn die 
Ausrichtindex-Zone an der DurchlaBweg-Position 
vorbeitritt. 

15. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die angrenzenden Bereiche einen 
hoheren Reflexionsgrad als die Ausrichtindex-Zone 
aufweisen, und daB die angrenzenden Bereiche so 
positioniert sind, daB sie vor der Ausrichtindex-Zo- 
ne kommen, wenn der Streifen in den DurchlaBweg 
eingesetzt wird, und daB der Mikroprozessor pro- 
grammiert ist, die Anwesenheit der Ausrichtindex- 
Zone zu erfassen, durch ein Signal, das eine Ab- 
nahme des Reflexionsgrades anzeigt, wenn die 
Ausrichtindex-Zone in die DurchlaBweg-Position 
eintritt. 



20 

16. Verfahren zum Bestimmen, daB ein Teststreifen 
nach Anspruch 1 richtig in einer Vorrichtung zum 
Bestimmen der Anwesenheit oder der Menge eines 
Analyten in einer auf den Streifen aufgebrachten 
s und in die Vorrichtung eingesetzten Flussigkeit aus- 
gerichtet worden ist, dadurch gekennzeichnet, daB 
das Verfahren folgendes umfaBt: 

Einsetzen des Streifens in die Vorrichtung; 

10 Bestimmen des Reflexionsgrades der Haupt- 

flachedes Streifens durch Richtenvon Licht auf 
eine feste Position in dem DurchlaBweg des 
Streifens, wenn dieser eingesetzt wird, und Er- 
fassen des reflektierten Lichts; 

'5 Erfassen der Anwesenheit oder Abwesenheit 

von reflektiertem Licht, entsprechend dem 
Durchtreten der Ausrichtindex-Zone vorbei an 
der festen Position, wenn der Streifen in den 
DurchlaBweg eingesetzt wird. 

20 

Revendicatlons 

1. Bande d'essai pour determiner la presence ou la 
25 quantite d'un analyte dans un liquide en insurant la- 

dite bande d'essai dans un dispositif de lecture op- 
tique, ladite bande d'essai comportant : 

une partie sur laquelle est applique un liquide, 

30 ladite partie ayant une zone sur une surface 

principale de la bande definissant une zone de 
reaction, une telle zone de reaction ayant un 
coefficient de reflexion qui varie en fonction de 
la quantite d'analyte dans le liquide applique, 

35 ladite bande d'essai comportant de plus une 

zone sur ladite surface principale definissant 
une zone d'indice d'orientation, ladite zone d'in- 
dice d'orientation ayant un coefficient de re- 
flexion oppose a celui des zones de la surface 

40 majeure contigues a la zone d'indice d'orienta- 

tion, caracterisee en ce que ladite zone d'indice 
d'orientation est position n6e pour guider ladite 
zone de reaction lorsque ladite bande est ins6- 
r£e dans ledit dispositif, 

45 de sorte que ledit dispositif peut etre muni de 

moyens optiques pour determiner s6quentiel- 
lement les valeurs du coefficient de reflexion de 
la surface principale lorsque la bande est ins6- 
r6e dans le dispositif et de moyens de micro- 

50 processeur pour dStecter la presence de la zo- 

ne d'indice d'orientation ou pour noter son ab- 
sence. 

2. Bande selon la revendication 1 , dans laquelle ladite 
55 zone d'indice d'orientation est positionnee sur ladite 

surface principale pour guider ladite zone continue 
lorsque la bande est a insurer dans ledit dispositif. 



EP 0 779 983 B1 



11 



21 



EP 0 779 983 B1 



22 



3. Bande selon la revendication 2, dans laquelle le 
coefficient de reflexion de ladite zone contigue est 
au moins 6gal a 1 ,5 fois !e coefficient de reflexion 
de ladite zone d'indice d'orientation. 

5 

4. Bande selon la revendication 3, dans laquelle le 
coefficient de reflexion de ladite zone contigue est 
au moins 6gal a deux fois le coefficient de reflexion 
de ladite zone d'indice d'orientation. 

10 

5. Bande selon la revendication 2, dans laquelle le 
coefficient de reflexion de ladite zone contigue n'est 
pas superieur a 0,67 fois le coefficient de reflexion 
de ladite zone d'indice d'orientation. 

15 

6. Bande selon la revendication 5, dans laquelle le 
coefficient de reflexion de ladite zone contigue n'est 
pas superieur a 0,5 fois le coefficient de reflexion 
de ladite zone d'indice d'orientation. 

20 

7. Bande selon la revendication 1 , dans laquelle la zo- 
ne d'indice d'orientation ne r6fl6chit pas plus que 
0,9 fois la lumiere reflechie lorsqu'aucune bande 
n'est presente dans le dispositif. 

25 

8. Bande selon la revendication 7, dans laquelle la zo- 
ne d'indice d'orientation ne reflechit pas plus que 
0,5 fois la lumiere reflechie lorsqu'aucune bande 
n'est presente dans le dispositif. 

30 

9. Bande selon la revendication 1 , dans laquelle la zo- 
ne d'indice d'orientation r6fl6chit au moins 1,1 fois 
la lumiere reflechie lorsqu'aucune bande n'est pre- 
sente dans le dispositif. 

35 

10. Bande selon la revendication 9, dans laquelle la zo- 
ne d'indice d'orientation r6fiechit au moins deux fois 
la lumiere reflechie lorsqu'aucune bande n'est pre- 
sente dans le dispositif. 

40 

11. Dispositif pour determiner la presence ou la quan- 
tity d'un analyte dans un liquids applique sur une 
bande d'essai selon la revendication 1 et inseree 
dans ledit dispositif, 

ledit dispositif comportant : 45 



ledit signal pour detecter la presence ou I'ab- 
sence de la zone d'indice d'orientation dans le 
passage. 

12. Dispositif selon la revendication 11, dans lequel la- 
dite zone d'indice d'orientation a un coefficient de 
reflexion inferieur a celui desdites zones contigues 
et ladite zone d'indice d'orientation est positionnee 
pour guider lesdites zones contigues lorsque la 
bande est inser6e dans le passage et le micropro- 
cesseur est programme pour detecter le passage 
de la zone d'indice d'orientation par un signal indi- 
quant une augmentation de coefficient de reflexion 
lorsque la zone d'indice d'orientation passe au-dela 
de ladite position de passage. 

13. Dispositif selon la revendication 11 , dans lequel les- 
dites zones contigues ont un coefficient de reflexion 
inferieur a celui de ladite zone d'indice d'orientation 
et les zones contigues sont positionn6es pour gui- 
der ladite zone d'indice d'orientation lorsque la ban- 
de est inseree dans ledit passage et le micropro- 
cesseur est programme pour detecter la presence 
de la zone d'indice d'orientation par un signal indi- 
quant une augmentation du coefficient de reflexion 
lorsque la zone d'indice d'orientation entre dans la- 
dite position. 

14. Dispositif selon la revendication 11, dans lequel la- 
dite zone d'indice d'orientation a un coefficient de 
reflexion superieur a celui lesdites zones contigues 
et ladite zone d'indice d'orientation est positionn6e 
pour guider lesdites zones contigues lorsque la 
bande est ins6r6e dans le passage et le micropro- 
cesseur est programme pour detecter le passage 
de la zone d'indice d'orientation par un signal indi- 
quant une diminution de degr6 de reflexion lorsque 
la zone d'indice d'orientation passe au-dela de la- 
dite position de passage. 

1 5. Dispositif selon la revendication 1 1 , dans lequel les- 
dites zones contigues ont un coefficient de reflexion 
superieur a celui de ladite zone d'indice d'orienta- 
tion et lesdites zones contigues sont positionn6es 
pour guider ladite zone d'indice d'orientation lors- 
que la bande est inseree dans ledit passage et le 
microprocesseur est programme pour detecter la 
presence de la zone d'indice d'orientation par un si- 
gnal indiquant une diminution du degr6 de reflexion 
lorsque la zone d'indice d'orientation entre dans la- 
dite position de passage. 

16. Precede pour determiner qu'une bande d'essai se- 
lon la revendication 1 a 6te correctement orientee 
dans un dispositif pour determiner la presence ou 
la quantite d'un analyte dans un liquide applique sur 
ladite bande et inseree dans le dispositif, ledit pro- 
cede comportant les etapes consistant a : 



un passage de bande s'etendant longitudinale- 
ment ayant une extremite ouverte pour recevoir 
ladite bande et une extremite oppos6e, 
des moyens optiques comportant une source so 
de lumiere pour diriger la lumiere dans ledit 
passage a une position entre ladite extremite 
ouverte et ladite extremite oppos6e et un de- 
tecteur de lumiere pour detecter la lumiere re- 
flechie par ledit passage, 55 
des moyens de conversion pour convertir ladite 
lumiere reflechie d6tect6e en un signal, 
des moyens de microprocesseur pour recevoir 
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insurer ladite bande dans le dispositif , 
determiner le coefficient de reflexion de la sur- 
face principate de la bande en dirigeant une lu- 
miere a une position fixe dans le trajet de la 
bande lorsqu'elle est inseree et detecter la lu- 5 
miere r6flechie, 

detecter la presence ou ('absence d'une lumie- 
re r6f lechie correspondant au passage de la zo- 
ne d'indice d'orientation qui est passee par la- 
dite position fixe lorsque la bande est inser6e 10 
dans ledit passage. 
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